In an attempt to meet the low-power requirements of high performance portable signal processing VLSI systems, while maintaining a high operating speed, a new data merging architecture for high speed multiply accumulate units is proposed. The architecture can be applied on binary trees constructed using 4:2 compressor circuits. Increasing the speed of operation is achieved by taking advantage of the available free input lines of the compressor circuits, which result from the natural parallelogram shape of the generated partial products and using the bits of the accumulated value to fill in these gaps. This results in merging the accumulation operation within the multiplication process.
INTRODUCTION
The multiply accumulate unit represents one of the essential building blocks that is frequently used in digital signal processing applications. Applications such as Digital filtering, speech processing, video coding and CDMA require high processing speed while maintaining a low power consumption [1] , [2] that allows embedding powerful processors in applications that are using portable power supplies. In order to improve the speed of this unit, there are two major bottlenecks that need to be considered. The first one is the partial products reduction network that is used in the multiplication block and the second one is the accumulator. Both of these stages require addition of large operands that involve long paths for carry propagation.
The classical straightforward approach to build multiply accumulate units implements each part separately using individual functional blocks [1] and then cascade them to realize the complete operation. Another approach to speed up the operation implements both the multiplication and the accumulation operations within the same functional block by merging the accumulator with the multiplication circuit. Using tree architectures for the partial products reduction network represent an attractive solution that is frequently applied to speed up the multiplication process. Our contribution in this paper is introducing a merging technique for further speeding up the accumulation operation by merging it within the partial products reduction tree used for multiplication.
This paper is organized as follows. Section 2 explains the problem statement and the proposed solution. In section 3, a proposed modified 4:2 compressor design and the proposed merging high-speed architecture are discussed. Delay and performance analysis are given in section 4. Sections 5 presents the architecture prototype and simulation results. Section 6 concludes the work done.
PROBLEM STATEMENT AND THE PROPOSED SOLUTION
Using compressor circuits as the basic cell to construct the addition tree for partial products reduction in parallel multipliers has a great advantage since they introduce parallelism in adding the available operands instead of having them added sequentially which gives them a speed advantage [3] . However, a major disadvantage that occurs due to the natural parallelogram shape of the generated partial products is that some of the compressor circuits are not fully utilized since they don't get data at all the available input lines. These unused inputs result in hardware inefficiency if they are filled with zeroes or design irregularity if they are modified to match the input pattern. The proposed architecture is based on fully utilizing the summation tree by feeding the accumulated data bits, as shown in figure 1 , into the unused inputs of the 4:2 compressors such that the accumulation operation is merged within the multiplication circuit, which will save the cost of an additional accumulator. This can directly result in increasing the overall speed of the MAC operation. Power consumption and circuit area are saved as well. The concept of merged arithmetic was generally introduced in [4] [5] to reduce the implementation cost and improve the processing speed. The main contribution of this work is to use the merging approach to enhance tree architecture for further speed improvement. 
THE PROPOSED ARCHITECTURE

The proposed modified 4:2 compressor design
A definition for the compressor circuit is given in [6] as a combinational circuit that has K input lines (number of bits in column i) and 2 output lines representing the result of the compression. In addition, the compressor circuit has L carry in input lines entering the compressor at bit position i and generates the same number L of carry output lines at bit position i+1. Figure 2 (a) [7] shows the circuit diagram for a regular 4:2 compressor. A modified design for the 4:2 compressor with a delay equivalent to 3 XOR gate units has been designed as shown in Figure  2 (b). The designed circuit takes 4 input bits and a carry in of the same bit order and compresses them to generate a sum bit of the same order at the same position and two carry bits of higher order. The following formula can be proven to hold true for all inputs in order to ensure the functionality of the proposed circuit: 2 ) (
The proposed merging architecture
The proposed architecture is based on taking advantage of the free input lines of the available 4-2 compressors to implement the accumulation operation by feeding the bits of the accumulated operand into the summation tree, as shown in figure 1 , instead of putting zeroes at these free input lines. Some minor enhancements are required for the existing hardware to accommodate the extra incoming bits of the accumulated operand. Without losing generality, the case of 8-bit multiplication is considered as a case study to present the proposed technique. Following the same approach, the same technique can be applied to larger word lengths. The decision of where to insert the bit Z 7 determines the number of required modified 4:2 compressors. It is found that the best place to insert this bit is in the 8 th column in block "A" of the first stage and use a modified 4:2 compressor at this location to accommodate the extra bit. The modified 4:2 compressor used will generate an additional carry out bit that is supposed to be fed to the next column. This in turn will require an additional modified 4:2 compressor in the 9 th column at the first stage, which will also have an additional carry out. This carry out fits in the unused input of the 4:2 compressor available in the 10 th column. This will end up with only two modified 4:2 compressors replacing the original regular 4:2 compressors of columns 8 and 9 in block "A" of the first stage with no delay penalty. Inserting the bit Z 7 in later stages will result in the need of more modified 4:2 compressors in order to accommodate the extra carry bits generated. It's worth noting that only two modified compressors are needed regardless of the word length of the operands.
This technique results in improved utilization of the summation tree and eliminates the need for a separate cascaded accumulator circuit that would be used for the accumulation operation, which results in significant improvement in terms of the area used, Power consumed and speed of the overall MAC operation.
LOGIC DEPTH AND PERFORMANCE ANALYSIS
The delay of the reduction tree is determined by the maximum logic depth of the circuit required to perform the compression operation on the column that has the maximum number of bits in the partial products matrix. In order to determine the equivalent delay of the compression tree, we start with studying the critical paths of each of the compressor circuits used to build the tree in terms of the equivalent XOR circuit delay. The delays of the critical paths from inputs to outputs can be expressed as follows:
For the modified 4:2 compressor circuit, the equivalent delay from input to output for each signal path can be expressed as follows: ( 2 1 2 1 The actual delay values vary according to the technology and the logic style used to implement the circuit. Due to the natural parallelogram shape of the partial products matrix the number of partial product bits at the middle are more than those at the edges. This results in a non-uniform arrival profile of the bits generated by the reduction tree at the final adder stage and hence a nonuniform delay for the generation of these bits. The output of the tree takes the form of a single bit for position 0 and 2 bits of the same order for all the other positions. The largest logic depth in the tree occurs at column 8, in the case of an 8-bit MAC unit. This column creates a speed bottleneck in the reduction tree since the additional accumulated bit makes the total number of bits in this column equal to 9 instead of 8. The overall delay of the two stages will be equivalent to 6 XOR gate delay. To avoid potential delay due to horizontal carry propagation in the first stage of compressors at columns 8 and 9, the carry out signals of the modified design for the 4-2 compressor are fed to the adjacent compressor such that they don't propagate through more than one other compressor. These carry out signals come out earlier than other outputs and are fed into advanced points at the next compressor such that the overall delay of the compression stage is balanced.
ARCHITECTURE PROTOTYPE AND SIMULATION RESULTS
Two prototypes of an 8-bit MAC unit circuit are implemented using a bottom-up approach. Each building block is implemented and characterized individually and then used to construct the layout of the overall MAC unit. The first prototype is constructed using the cascaded approach and the second prototype is constructed using the proposed merged approach. A 0.18-micron CMOS technology is used to build the circuits. The layout is then extracted and a spice file is because it still has the same logic depth of the regular circuit. The power and the area penalties of the proposed 4:2 compressor didn't affect the performance of the overall architecture because the proposed architecture needed only two of the modified compressor circuit. For the overall accumulation operation, the proposed merging architecture improved the power consumption by a factor of 19.5%. The improvement occurred due to the elimination of the separate accumulator. The speed is improved by a factor of 25%. Due to the elimination of the cascaded accumulator, 20% of the area is saved. Next the proposed architecture is analyzed and compared with both the standard 4:2 compression tree, where no merging techniques are applied, and the architecture presented in [8] for a 16-bit merged MAC unit. We used the compression ratio per XOR gate delay of the overall compression tree to measure the efficiency of each of the compared structures. Table 2 shows the comparison results with the other architectures, it's clear that the proposed architecture is faster due to the insertion of the accumulator bits into the unused inputs of the compression tree.
CONCLUSION
A new architecture for high-speed design of MAC units is proposed. The architecture is based on applying a merging technique by inserting the accumulated operand into the unused inputs of the 4:2 compressor circuits in the partial products reduction network. Logic depth and delay analysis show that the proposed merging technique outperforms other merging techniques.
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